The cavity design for a 3 rd harmonic cavity for the TTF 2 photoinjector has been revised to increase the coupling between the main coupler and the cavity cells. The iris radius of the end cup of the cavity has been increased to accomplish a better coupling. The basic rfparameters and the higher order modes of the modified design are summarized in this report.
Introduction
For the phase 2 of the TESLA test facility (TTF 2) it has been planed to use a cavity operated at three times the 1.3 GHz frequency of the existing TTF 1 cavities to compensate nonlinear distortions of the longitudinal phase space [1] . A cavity design for a 3.9 GHz pimode cavity by J. Sekutowicz has been discussed in [2] with respect to the basic rfparameters and the higher order mode (HOM) properties. The design of the end cups has been recently revised to improve the coupling from the main coupler to the cavity cells. The cavity geometry and the energy density of the electric field of the accelerating mode calculated with HFFS [3] is shown in Figure 1 . A sketch of the cell geometry is given in Figure 2 . The parameters of the mid-cell and the end-cell are listed in Table 1 . The mid-cup and end-cup#0 geometry corresponds to the cavity design which is discussed in the report [2] . The new end-cup parameters are listed in the last column of the table labeled as end-cup#1. The iris radius has been increased to 20 mm. This is just the radius of the beam pipe. A cavity based on the mid-cup und end-cup#1 geometry will be discussed throughout this report. In these report we will present the basic rf parameters like frequency, R/Q-value, Q-value and G 1 for many monopole, dipole and quadrupole modes. The following convention has been adopted for the characteristic rf parameter R/Q and G 1 :
where f is the frequency of the mode, U is the total stored energy in the mode, ) (r V z is the voltage at the radial position r, sur R is the surface resistence and 0 Q is the quality factor or unloaded Q-value of the mode. The Q-value is calculated from the stored energy U and the power sur P dissipated into the cavity wall:
The voltage is calculated from the electric field according to:
The passband structure of the mid-cell
The monopole, dipole and quadrupole passbands of the cavity midcell have been studied using the MAFIA [ where φ is the phase advance per cell, and g the cell length. The phase advance per cell is used as an abscissa in the plot of the passbands in Figure 4 , Figure 5 and Figure 6 . A beam excites most strongly those modes which are synchronous to the beam, i.e. modes with a phase velocity equal to the speed of light, or which are close to the light cone. The light cone is the straight line
which is folded into the phase range from 0 to 180 degree using the periodicity of the structure.
The gap length of a cavity cell is chosen such that the 3.9 GHz pi-mode is synchronous to the beam. The electric field distribution in a mid-cell is shown in Figure 3 . Eight monopole passbands have been calculated for the mid-cell geometry. The lowest passbands contains the accelerating mode with a frequency close to 3.9 GHz. All monopole passbands below a frequency of 14 GHz are shown in Figure 4 . The highest impedances values are found for the modes where the light cone crosses the passbands. That is by design the 3.9 GHz accelerating mode and higher order monopole modes above 7 GHz as shown in Figure 4 . The long range wakes due to higher order dipole modes can cause kicks on the bunches, which can result in orbit deviations within the bunch trains or even an cumulative beambreakup instability. Therefore it is important to know the R/Q-value and the Q value of the dipole modes. The detailed mode structure of a 9-cell cavity is discussed in a later section of the report. The passband structure of a single mid-cell give already first information which dipole modes are mostly excited by the beam. The dipole passbands up-to a frequency of 10 GHz are shown in Figure 5 . There are six passband in that frequency range. If a bunch transverses the cavity with a large offset, say more than 1 cm, the contribution of quadrupole modes to the long range wakefield is important. Therefore the lowest quadrupole passbands have also been calculated. The passbands up-to a frequency of 11 GHz are shown in Figure 6 . 
The accelerating mode and higher order monopole modes
In this section we present the result for the monopole modes of a 9-cell cavity. The basic design parameters of the accelerating mode are given in Table 1 . The electric field of the accelerating mode is shown in Figure 7 (MAFIA calculation) and previously in Figure 3 (HFFS calculation). For the MAFIA calculation, electric boundary conditions equivalent to a electric shorting plate have been used at both ends of the cavity. The boundary conditions are important for all modes above the cut-off frequency of the beam pipe. The first 40 monopole modes of the 9-cell cavity have been calculated with the MAFIA code. The R/Q of these modes are shown in Figure 8 using a linear scale and in Figure 9 using a logarithmic scale. A complete listing of the rf-parameters is given in Appendix A. The modes with the largest R/Q from these list are the accelerating mode (# 9) and mode #26 with a frequency of 7.5765 GHz. The electric field of the mode # 26 is shown in Figure 10 . The mode # 26 has large electric field components in the beam pipe. Therefore it should be easy to damp this mode with HOM couplers. A large R/Q is expected for this mode from the passband structure of one cavity mid-cell, since the light cone crosses the 2 nd and 3 rd monopole passbands close to the frequency of mode #26 (see Figure 4) . Only the modes of the first passband are below the cutoff frequency of the beam pipe, which is 5.7372 GHz for TM monopole modes. 
Dipole Modes
To calculate the kicks on bunches in a bunch train it is important to know the long range wakes due to higher order dipole modes. The kick on the bunch j due to the wake field is: 
is the dipole mode R/Q-value, n Q the total Q-value of mode n and c is the velocity of light. The Q-value is usually dominated by the external Q due to higher order mode couplers. The dipole mode
value is obtained from an R/Q at the radial position r as:
The computer codes HFFS The mode #69 (HFFS number) or #53 (MAFIA number), which is shown in Figure 20 and Figure 21 , has almost no electric field in the beam pipe and even the cavity end cells. The radial electric field component as a function of the longitudinal position z is shown in Figure 22 . The field in beam pipe is by a factor of about 25 smaller than the field inside the cavity. This indicates that it could be difficult to damp this mode with HOM-couplers. 
Quadrupole Modes
A second order contribution to the transverse long range wake potential is due to quadrupole modes in the cavity. The total transverse wake due to bunch # i on the trailing bunch # j in a bunch train may be written in term of the dipole and quadrupole wake potential as: The frequencies of the quadrupole modes from the first and second passband are below the cutoff frequency of the beam pipe, which is 7.2864 GHz for TE Quadrupole modes. The mode with the highest R/Q value below the cutoff frequency of the beam pipe is show in Figure 25 . The mode with highest R/Q value in the considered frequency range up to 10 GHz is the mode #30 with R/Q = 11.1 Ohm at 1 cm radial offset. The electric field of this mode is shown in Figure 26 . There is a small electric field component in the beam pipe, which is shown in Figure 27 . 
The External Q-values of Monopole, Dipole and Quadrupole Modes
The HFFS code has been used to model the 9-cell cavity together with the main input couplers and two HOM couplers. The cavity and the couplers are shown in Figure 28 . A more detailed view of the HOM couplers and their location with respect to the end cells is shown in Figure 29 . Small current density probes have been put into each cavity to excite the modes of the cavity. The phases of the current densities are related to each other in way a beam would excite the modes: c g f / 2π φ = ∆ (phase difference of the current density from cell to cell), g is the length of one cavity cell and f the excitation frequency. The current densities have been placed 2 mm off axis in the x and y direction of each cell to excite the dipole modes in both polarization directions. The x-axis is defined as the axis of the main input coupler. The response due to the excitation has been monitored at the coupler ports. The response to the current density excitation at the HOM coupler port as a function of the excitation frequency is shown in Figure 30 for electric and in Figure 31 for magnetic boundary conditions at both ends of the cavity. The red line corresponds to an offset of the excitation current density in the x-direction, and the green line to an offset in the ydirection. An analysis of the HFFS results gives an external Q-value of about 6 10 1⋅ for the accelerating mode. A list of the external Q-values of the monopole modes from the first passband is given in Table 3 . The results for the dipole modes are presented in Table 4 and  Table 5 . The results for quadrupole modes are listed in Table 6 . The modes are listed with respect to their frequency. A frequency which is printed in bold face indicates a mode with a phase velocity close to the speed of light. These modes are the most important for beam dynamics simulations. There are two table columns for the Q-values corresponding to the boundary conditions at the end of the cavity (EE: electric short at both ends, MM: magnetic short at both ends) used in the HFFS calculation in which the mode was found. The electric field of the first dipole mode from Table 4 is show in Figure 32 . . These modes are almost trapped in the cavity like the mode shown in Figure 21 . The R/Q of these modes are about 4 Ohm/cm 2 and are therefore of some concern. There are more modes with a relatively high Q-value, like the mode shown in Figure 32 which has an external Q-value of about , and seem to be sufficiently damped.
Conclusion
The higher order modes of a third harmonic (3.9 GHz) cavity with an increased end-cup iris have been investigated. The computer codes HFFS and MAFIA have been used to calculate the rf-parameters of the accelerating mode and higher order monopole, dipole and quadrupole modes up to a frequency of about 10 GHz. The obtained data are the basis for beam dynamics simulations of the TESLA test facility photoinjector.
The frequency of almost all dipole modes is above the cutoff frequency of the beam pipe. The R/Q value of these modes depends therefore on the boundary conditions at the end of the cavity. Electric and magnetic boundary conditions have been considered in this report.
There are a few quasi trapped modes with almost no electric field in the beam pipe and in the cavity end cells at frequencies of about 9 GHz. The external Q values of the monopole, dipole and quadrupole modes have been studied using the HFFS code which was applied to a three dimensional cavity model with a main input coupler and two HOM couplers. The results from a HFFS calculation with electric (EE) and Magnetic (MM) boundary conditions are summarized in the following 
Appendix C: Quadrupole Modes
The results from a MAFIA calculation with electric (EE) and Magnetic (MM) boundary conditions are summarized in the following 
